METHODS
In these experiments chloroform was chosen as a typical volatile anaesthetic and there would appear to be no reason for believing that it behaves differently from other agents. After the example of Meyer and Hemmi (1935) , oleyl alcohol (octadecanol) was selected as a typical oil-having the additional advantage of being a pure chemical substance.
The first experiment was suggested by Dr. C.
Long and consisted of the exposure of oil to chloroform vapour at a partial pressure equal to its saturated vapour pressure at the temperature of the oil. This was achieved simply by placing a beaker of chloroform (70 ml) inside a sealed jar containing 5 ml of oil. The uptake of chloroform by the oil was measured by noting the increase in volume of the oil. In the hope of accelerating the uptake, the surface area of the oil was increased with a small wick of filter paper. The second series of experiments consisted of the exposure of oil to chloroform vapour at a partial pressure less than its saturated vapour pressure at the temperature of the oil. The chloroform vapour was prepared by saturating a carrier gas (oxygen) with chloroform vapour at a known temperature below that of the oil. The partial pressure of chloroform could then be determined from vapour pressure tables. The gas stream was bubbled through oil over a sintered disc until equilibrium was attained ( fig. 3 ).
It was shown, by determination of dew point, that with flows of carrier gas up to 250 ml/min, the issuing vapour was better than 99 per cent saturated at the temperature of the water bath. Since it was not convenient to maintain the bath at temperatures below 0°C. tensions of chloroform less than 60 mm Hg ( fig. 4) were attained by dilution of the carrier stream.
The concentration of chloroform in the oil was determined at intervals during the procedure by weighing 5 ml samples of the oil/chloroform mixture. One per cent chloroform corresponded to an increment of the order of 30 mg which could be determined without difficulty. It was shown that, within the limits of accuracy of the study, the specific gravity of the mixture bore a linear relation to the concentration of chloroform in the mixture.
RESULTS
When oil was exposed to chloroform at its saturated vapour pressure equilibrium was not 346 Narcotic concentrations of various anaesthetic agents plotted against fat solubility. With the logarithmic co-ordinates an inverse relationship is indicated by a straight line of slope minus one. Fat solubility is expressed as the oil/gas partition coefficient determined for oleyl alcohol by Meyer and Hemmi (1935) . The value for cyclopropane is taken from Adriani (1946) . Isonarcotic concentrations for mice are taken from Meyer and Hopff (1923) and for man from various standard textbooks of anaesthesia.
Narcotic concentrations of various anaesthetic agents plotted against oil/water solubility ratios. With the logarithmic co-ordinates an inverse relationship would be indicated by a straight line of slope minus one. Oil /water solubility ratios are taken from Lee (1953) and narcotic concentrations as for figure 1. In 54 days, unit volume of oil took up more than 10 volumes of chloroform and there would appear to be no reason for considering that the uptake is other than infinite although the actual rate of uptake is exceedingly slow compared with the uptake of gases by water.
When oil was exposed to chloroform at partial pressures less than the saturated vapour pressure, the uptake was finite with an end-point which was well-marked although not reached for a number of hours. The existence of the end-points was confirmed by starting with oil-chloroform mixtures above and below the equilibrium mixture. During exposure to a given partial pressure, the weak mixtures became stronger and the strong mixtures weaker until all ended up at the same concentration. From the figures for the uptake of chloroform at various partial pressures, it was possible to calculate the apparent solubility coefficient at each experiment (table II) . Saturated vapour pressure of chloroform at 20'C is 160 mm Hg.
Thus the apparent solubility coefficient rises towards infinity as the partial pressure of chloroform approaches its saturated vapour pressure.
DISCUSSION
There can be little doubt that the uptake of chloroform vapour by oil is not comparable with its uptake by water. There is gross deviation from Henry's law at tensions approaching the saturated vapour pressure, when the solubility coefficient clearly rises towards infinity. Nevertheless, at lower tensions of chloroform vapour, the deviation from Henry's law is less marked and chloroform appears to have a finite oil solubility.
It is useful to approach the problem of the solubility of volatile anaesthetics in oil from the standpoint of Raoult's law which may be stated as follows: In a solution of two liquids, the vapour pressure of each constituent is proportional to the number of mols present in unit volume of the solution.
From this it follows that the vapour pressure of each component is equal to the saturated vapour pressure of the pure substance multiplied by the mol fraction in which it exists in the solution. That is to say:
where p is the pressure exerted by one component of the mixture; po is the saturated vapour pressure of the pure substance at the temperature of the mixture; X is the mol fraction at which it exists in the mixture. Thus, in an equimolar mixture of ethyl alcohol and water, i.e. one containing 46 grams of alcohol to 18 grams of water, the vapour pressure of each constituent should be half its saturated vapour pressure in the pure state at that temperature.* In practical application, it is not convenient to consider mol fractions. Volume fractions may be used provided that correction is made for the fact that equal numbers of molecules of different liquids usually occupy different volumes, even under the same conditions of temperature and pressure, i.e. liquids do not conform to Avogadro's hypothesis. Thus the pressure exerted by an anaesthetic in an anaesthetic/oil mixture should equal: po KR 0 Although alcohol/water is a familiar example, it is perhaps unfortunate as it shows a marked deviation from Raoult's law.
where V a ,, is the volume of anaesthetic (liquid) in the mixture; V m \ is the volume of oil in the mixture; F is the mol volume of oil divided by the mol volume of the anaesthetic.
When the anaesthetic vapour is in equilibrium with an anaesthetic/oil mixture, this expression must equal the partial pressure of the anaesthetic in the gas phase.f Thus:
Where p an is the partial pressure of the anaesthetic in the gas phase.
To determine from this equation the volume of anaesthetic taken up by unit volume of oil, we may clear and solve for V^/V ol] :
From this equation it is possible to derive the uptake of an anaesthetic by oil provided three quantities are known: p 0 (the saturated vapour pressure of the pure anaesthetic) varies only with the temperature of the experiment; p an (the partial pressure of the anaesthetic in the gas phase) is the variable with which we are concerned; F (the ratio of the mol volumes) may be derived from the molecular weights and specific gravities of the two liquids. There are three interesting features of the equation. Firstly, no solubility factor as such enters the expression. Secondly, different oils will have different uptakes only in so far as their mol volumes vary. Thirdly, when the partial pressure of anaesthetic in the gas phase equals its saturated vapour pressure at the temperature of the oil, the denominator of the right-hand side is zero and the uptake therefore is infinite. This has already been suspected from the first experimental study. Equation (i) may be used to plot the uptake of chloroform by oleyl alcohol for various partial pressures of chloroform ( fig. 5 ). Since it is impossible to plot infinity, the ordinate expresses not the ratio V* n /V, M but the percentage of chlorot Strictly speaking the fugacities will be equal rather than the pressures, although it is unlikely that this is a serious source of error. form in the mixture. The relationship is represented by a curve rising to show 100 per cent chloroform in equilibrium with chloroform vapour at 160 mm Hg which is the saturated vapour pressure of the pure substance at 20 °C. Figure 5 also shows the results of the experimental studies. These too appear to lie along a curve which is shown by the broken line. This has the same general shape as the theoretical curve but is quantitatively somewhat different at the higher tensions. This is to be expected as most pairs of miscible liquids deviate from Raoult's law-possibly giving minimum or maximum boiling point mixtures. Nevertheless, the agreement is generally satisfactory, particularly at the lower ranges, which are of clinical interest. It will also be seen that over the clinical range of pressures, the curve approximates to a straight line and it might appear as though the absorption obeys Henry's law, with a solubility coefficient related to the limiting slope of the curve.
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APPLICATIONS OF THE EQUATION
Uptake of anaesthetics by body depot fat. Equation (i) may be used to calculate the ultimate uptake of anaesthetic by the body depot fat, assuming that p an of the depot fat comes to equal p an of the arterial blood which will itself ultimately equal p an of the inspired gas mixture.
The equilibrium uptake of three anaesthetics by body fat. The arrows indicate fat uptake at isonarcotic tensions.
Three factors require to be known. Firstly, there is p o (saturated vapour pressure of the pure anaesthetic at body temperature). Secondly, F (ratio of the mol volumes of fat and the anaesthetic) may be derived from the molecular weight and specific gravities of the two substances. If it is assumed that body depot fat consists of equal parts of triolein, tri-palmitin and tri-stearin it will be found that F approximates to 10 for most of the commonly used inhalational anaesthetic agents. The final variable is p an (the partial pressure of the anaesthetic in the inhaled gas mixture) and this is, or should be, known to the anaesthetist. Figure 6 shows the equilibrium uptake of three anaesthetics, per unit volume of body fat, over the clinical range. The curves are all virtually indistinguishable from straight lines and the limiting slopes are functions of the vapour pressures. It is of interest that, at isonarcotic pressures of the anaesthetics, the equilibrum uptakes should be all of the same order as was suggested by Meyer and Hemmi (1935) .
It may be shown that, for a man with 10 litres of body fat, equilibration with 1.5 per cent, halothane vapour will result in the uptake of some 25 ml of liquid halothane by the depot fat. It may be presumed that the uptake of halothane is an exponential process and, since the initial charging rate is of the order of 1 ml liquid halothane in 15 minutes, the time constant would appear to be approximately 6 hours. Thus 18 hours would be required for 95 per cent saturation of the body fat and, during an anaesthetic of average duration, the body fat would be barely 25 per cent saturated. These figures are not in conflict with the observations of Duncan and Raventos (1959) .
The depth of anaesthesia is probably closely related to the tension of the agent in the arterial blood (Haggard, 1924) . Prediction of this quantity is difficult as it would appear to lie between the tension in the inspired gas and the tension in the depot fat. Assuming that the body water compartments soon reach equilibrium with arterial blood, the body may be represented as two resistance-capacitance networks in series ( fig. 7) . The tension of anaesthetic in the inspired gas mixture is represented by the charging voltage and the first resistance corresponds to alveolar ventilation, diffusing capacity, blood flow and such other factors which influence the uptake of anaesthetic by the body water compartment. The voltage attained across the first capacitance represents the arterial anaesthetic tension. This charge is steadily leaking away through the high resistance representing fat blood flow, blood/fat barrier, etc., into the very large capacitance which represents the product of the volume of the body fat and the "solubility" in it of the anaesthetic.
It is, of course, by no means clear whether the body water compartment can be represented by a single capacitance separated from the inspired gas by a single resistance. Uptake and elimination by the lungs will be in accordance with the Bohr equation and the Fick principle, neither of which is easy to represent in an electrical analogy. Nevertheless, for agents such as chloroform and halothane, it would appear that the first resistance and capacitance are small in comparison with the second pair (Raventos, 1959) and therefore it may well be reasonable to consider the components of the first pair as though they were a simple RC network. Much experimental work is needed to quantify these systems but the concept of fat solubility discussed in this paper defines the capacitance of the second system and suggests how its time constant may be determined.
Fat solubility and anaesthetic potency.
There is a voluminous literature on the correlation of fat solubility and anaesthetic potency. Meyer and Hemmi (1935) suggested that narcosis occurs if any chemically indifferent substance penetrates into the lipid alcohols of the cell substance in a certain molar concentration which in tadpoles was found to be 0.03 mol/1. From this it follows that there must be a close correlation between narcotic potency and the molar solubility of the agent in oleyl alcohol which was the oil used in their studies.
From equation (i) it will be apparent that the solubility of different anaesthetics in a given oil I j^--r-pan ) will be roughly proportional to the v y o n I mol volume of the anaesthetic divided by its vapour pressure (provided p an is small compared with p o ). Since the mol volume of anaesthetic agents does not vary widely, the quantity measured by Meyer and Hemmi was roughly related to the reciprocal of the vapour pressure. This work was therefore in accordance with the subsequent demonstration by Ferguson (1939) 8). These papers confirm that the solubility of anaesthetics in oil does in fact obey Raoult's law over the clinical range (Mullins, 1954) .
The oil^water solubility coefficient.
From equation (i) it may be shown that the oilwater solubility coefficient of an agent equals: K po-A. where A is the Ostwald solubility coefficient for the vapour of the agent in water; p 0 is its saturated vapour pressure in the pure state at the temperature of the experiment; K is a constant which may be evaluated for any given oil (in the case of oleyl alcohol it is 56,000).
Values for the oil-water solubility coefficient may then be calculated for some of the common anaesthetic agents and it will be found that the calculated results are in reasonable relation to the quoted values which have been determined experimentally (table m). TABLE  III 
